
ENVIRONMENTAL
HEALTH 
PERSPECTIVES

Note to readers with disabilities: EHP will provide a 508-conformant 
version of this article upon final publication. If you require a 508-conformant 
version before then, please contact ehp508@niehs.nih.gov. Our staff will work 
with you to assess and meet your accessibility needs within 3 working days.

http://www.ehponline.org

ehp
A Review of Health Risks and Pathways for Exposure to 

Wastewater Use in Agriculture

Sarah K. Dickin, Corinne J. Schuster-Wallace, Manzoor Qadir, 
and Katherine Pizzacalla

http://dx.doi.org/10.1289/ehp.1509995

Received: 25 March 2015
Accepted: 8 January 2016

Advance Publication: 29 January 2016

http://ehp.niehs.nih.gov/accessibility/
mailto:ehp508%40niehs.nih.gov?subject=
http://dx.doi.org/10.1289/ehp.1509995


Environ Health Perspect DOI: 10.1289/ehp.1509995 
Advance Publication: Not Copyedited 
 

1	

A Review of Health Risks and Pathways for Exposure to 

Wastewater Use in Agriculture 

Sarah K. Dickin,1,2 Corinne J. Schuster-Wallace,2 Manzoor Qadir,2 and Katherine Pizzacalla3 

1McMaster University, School of Geography and Earth Sciences, Hamilton, Ontario, Canada; 

2United Nations University Institute for Water, Environment and Health, Hamilton, Ontario, 

Canada; 3Sciences Po, Paris School of International Affairs, Paris, France  

Address correspondence to Sarah Dickin, United Nations University Institute for Water, 

Environment and Health (UNU-INWEH), 175 Longwood Road South, Hamilton, Ontario, 

Canada L8P 0A1. Telephone: +33 770 319 224. Fax: +1 905 667 5510. E-mail: 

dickinsk@mcmaster.ca 

Running title: Health risks and pathways of wastewater exposure 

Competing financial interests: All authors declare they have no actual or potential competing 

financial interest.  



Environ Health Perspect DOI: 10.1289/ehp.1509995 
Advance Publication: Not Copyedited 
 

2	

Abstract 

Background: Wastewater is increasingly being used in the agricultural sector to cope with the 

depletion of freshwater resources as well as water stress linked to changing climate conditions. 

As wastewater irrigation expands, research focusing on the human health risks is critical because 

exposure to a range of contaminants must be weighed with the benefits to food security, nutrition 

and livelihoods.  

Objectives: The goal of this paper was to review research examining health risks and exposure 

pathways associated with wastewater irrigation to identify research trends and gaps.  

Methods: We conducted a review of the literature and identified a total of 126 studies published 

from 1995-2013. Findings were summarized based on several themes including types of 

exposure pathways, wastewater contaminants, methodological approaches and the geographical 

distribution of research.  

Results: Only 23 studies used epidemiological methods, while most research applied alternative 

methods to estimate risk, such as quantitative risk assessment models or comparisons of crop 

contamination to established guidelines for wastewater reuse. A geographic breakdown 

demonstrated a focus on microbiological contaminants in specific regions such as Sub-Saharan 

Africa and Southeast Asia, despite growing chemical risks associated with rapid urbanization 

and industrialization that may change the types and distribution of wastewater contaminants.  

Conclusions: To provide a more comprehensive understanding of the health risks of wastewater 

use in agriculture, future research should consider multiple exposure routes, long-term health 

implications, and increase the range of contaminants studied, particularly in regions heavily 

dependent on wastewater irrigation.  
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Introduction 

A growing demand for water to produce food, supply industries and support human populations 

has led to competition for scarce freshwater supplies. Wastewater use is increasingly seen as an 

option to meet these growing needs for water. The agricultural sector is currently the largest user 

of water and wastewater globally, accounting for approximately 70% of water use on average 

(FAO 2010). By contributing to food and water security, wastewater irrigation can alleviate 

strain on water resources by providing a reliable year-round source of water with sufficient 

nutrients for crop growth (Drechsel et al. 2010). This is especially critical in regions where 

climate change is expected to exacerbate water stress and increase precipitation variability 

(Hanjra et al. 2012). However, there are significant health implications associated with the use of 

wastewater for agriculture (WHO 2006).  

Wastewater use in agriculture - a global health challenge 

Wastewater is used for irrigation in treated and untreated forms, varying by geographic and 

economic context, albeit with the majority in untreated form in developing countries (Scott et al. 

2010). Wastewater is commonly discharged into water bodies with little or no treatment due to 

the limited availability of treatment facilities in many countries (Qadir et al. 2010). This 

untreated wastewater is frequently used for urban or peri-urban agriculture, which comprises 

approximately 11% of all irrigated croplands globally (Thebo et al. 2014). Untreated wastewater 

often contains a large range of contaminants from municipal, agricultural and industrial sources. 

Excreta-related pathogens, skin irritants and toxic chemicals originating from these sources pose 

health risks to farmers and agricultural workers, their families, communities living in proximity 

to wastewater irrigation, as well as the consumers of wastewater-irrigated crops (Qadir et al. 

2007). Wastewater exposure has been linked to viral, bacterial and protozoan diseases such as 
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salmonellosis, shigellosis, cholera, giardiasis, amoebiasis, hepatitis A, viral enteritis and other 

diarrheal diseases (WHO 2006). In particular, helminth infections such as ascariasis are 

commonly associated with wastewater exposure, and are linked to anemia and impaired physical 

and cognitive development (Bos et al. 2010). Due to frequent contact with untreated wastewater, 

agricultural workers also experience skin diseases such as dermatitis and rashes. Exposure to 

heavy metals including arsenic, cadmium, lead, and mercury due to prolonged consumption of 

contaminated foods or occupational ingestion or inhalation of irrigated soil is linked to a wide 

range of chronic health effects. For instance, accumulation of cadmium, particularly in the 

kidneys, leads to kidney damage and osteoporosis. This is known as itai-itai disease in Japan, 

where the condition was originally linked to irrigation of rice paddies with highly contaminated 

water (Järup 2003). Emerging wastewater contaminants including polycyclic aromatic 

hydrocarbons (PAHs), personal care products and endocrine-disrupting chemicals pose potential 

health risks, however limited information is available on their uptake into food  (Dodgen et al. 

2013; Wang et al., 2012). Due to these widespread health risks, organizations including the 

World Health Organization (WHO) have developed guidelines to ensure that contaminant levels 

in wastewater are below limits that are harmful to human health (WHO, 2006). However, since 

full treatment steps may not be possible, the WHO guidelines provide progressive targets for 

different wastewater situations.  

 While irrigation with untreated and inadequately treated wastewater presents a serious 

public health risk to farmers and consumers who are exposed to a range of contaminants, its use 

is important for smallholder livelihoods, particularly in economically disadvantaged regions or 

water-stressed areas (Raschid-Sally and Jayakody 2008). In many cities in developing regions, 

farmers in urban and peri-urban areas are dependent on wastewater to irrigate their crops and 
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accept these risks despite significant contamination that contributes to a large burden of water-

related disease (Qadir et al. 2010). The use of wastewater is also emerging as a form of climate 

change adaptation because it provides a consistent source of water in variable or dry conditions 

(Trinh et al. 2013). The complex drivers associated with wastewater use mean that steps to 

reduce health risks must be balanced with the need for increased food security, nutrition and 

livelihoods (Drechsel et al. 2002). In the context of these health challenges the full extent of 

exposure to wastewater contaminants requires further exploration. The goal of this review was to 

critically examine the current literature (since the year 1995) reporting health risks and exposure 

pathways associated with wastewater use in agriculture.  

Methods 

Literature search strategy 

Studies of potential interest were identified in three different databases, Web of Science, Science 

Direct, and PubMed using several different search phrases: “wastewater irrigation” and health; 

“wastewater irrigation” and disease; “wastewater irrigation” and safe; “wastewater reuse” and 

disease; “wastewater reuse” and health and crops; “wastewater reuse” and safe and crops; 

“irrigat* with reclaimed water" and crops; “greywater irrigation” and disease; “greywater 

irrigation” and health. Only papers that were peer reviewed, written in the English language, and 

published between the years 1995-2013 were included. There were no geographic restrictions 

placed on articles. In the case of several papers reporting the same study results, only the first 

paper was included. 

 After searching each database, individual article titles and abstracts were assessed to 

determine their relevance to the topic of this review. Three categories of empirical studies were 

included in the review: directly measured health risks of wastewater irrigation, indirectly 
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measured health risks (e.g. using quantitative risk assessments or surveys), and studies that 

measured contamination of crops used for human consumption. Studies that solely measured soil 

or wastewater contamination levels were not included in the review. Other types of issues such 

as wastewater use in aquaculture and research focused only on soil health were also excluded.   

Data extraction 

To extract data from the included studies, the following information was collected from each 

article to ensure consistency: 

• Geographic focus and scale of research 

• Types of contaminants studied 

• Exposure pathways studied 

• Health risks identified 

• Information on contaminant uptake 

Results 

A total of 126 articles were identified for inclusion in the review. Only 23 studies applied 

epidemiological approaches to assess health risks directly by measuring prevalence of disease or 

chemical exposure in humans (Table 1). Of these, 15 studies assessed wastewater-related 

infections using stool samples and surveys, and in 4 studies skin ailments were assessed through 

dermatologist examination. For instance, using a nested case-control study of adults engaged in 

agricultural activities, Trang et al. (2007a) identified skin diseases including dermatitis and 

fungal infections associated with occupational exposure to untreated wastewater in Hanoi, 

Vietnam. Exposure was determined using interviews to collect information on contact with 

wastewater, personal hygiene practices, use of personal protective measures, and other relevant 

information such as contact with diseased persons and contact with animals. Gumbo et al., 
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(2010) reported that farmers and their families using wastewater in Malamulele, South Africa 

had a higher prevalence of helminth infections (42%) compared with control villages (27.5%), 

but depended on sales of vegetables grown with reliable wastewater supplies for their 

livelihoods. Srikanth and Naik (2004) found that the prevalence of giardiasis among farmers 

irrigating with wastewater in a suburb of Asmara, Eritrea was 45%. Using hospital data on 

reported cases they found that giardiasis prevalence was 7% among residents of the community, 

who consumed only vegetables grown with untreated wastewater, compared with 1% for 

residents in similar towns in Eritrea without wastewater irrigated crops. Melloul and Hassani 

(1999) found higher rates of Salmonella infection in children living in wastewater-irrigated areas 

near Marrakesh, Morocco compared with those living in areas without wastewater irrigation. In 

addition to microbiological risks, three studies used blood or hair samples to test for heavy metal 

exposure (Chary et al. 2008; Cifuentes et al., 2000a; Lekouch et al., 1999). Not all studies 

identified risks from wastewater use. For example, Cifuentes (2000a) found no association 

between agricultural work and Pb blood levels in the Mezquital Valley, Mexico compared to 

other occupations. Habbari et al. (2000) found higher ascariasis prevalence in wastewater 

irrigation areas in Beni-Mellal, Morocco, but no association with trichuriasis prevalence 

compared to areas that did not practice wastewater irrigation. Devaux et al. (2001) found no 

health risks for farmers associated with spray irrigation using treated wastewater in Clermont-

Ferrand, France compared with non-exposed family members or farmers not using treated 

wastewater. While a few studies followed participants over time and were able to examine 

seasonal changes in health risks associated with farming activities (e.g. Trang et al. 2007b), 

studies largely used cross-sectional surveys to provide an understanding of risks. 



Environ Health Perspect DOI: 10.1289/ehp.1509995 
Advance Publication: Not Copyedited 
 

8	

  An additional 53 studies indirectly assessed health risks using methods such as surveys 

of perceived health impacts, quantitative microbial risk assessments (QMRA), and estimates of 

exposure by comparing crop consumption to the oral reference dose (e.g. health risk index) (see 

Table S1). Although risk modeling approaches such as QMRA have less financial limitations, 

these approaches are constrained by assumptions, such as estimates of accidental ingestion and 

the immune response of a population. The remaining 50 studies provided information on possible 

health risks by testing the level of contamination in crop samples and comparing this to 

established guidelines (e.g. WHO, Centers for Disease Control (CDC) and European Union 

guidelines (EU)), however this information is limited due to varying consumer exposure 

scenarios (see Table S2).  

Exposure pathways 

A range of exposure pathways associated with wastewater irrigation was identified in the 

reviewed studies, illustrated in Figure 1 (Table 1, Tables S1 and S2). Consumption of crops was 

the most commonly studied contamination pathway, including both vegetables and cereals (n= 

98). Research was primarily focused on foodstuffs, although one study examined contamination 

of crops used for medicinal products and supplements (Farahat and Linderholm 2013). In 

addition, Chary et al. (2008) and Yang et al. (2006) considered contamination of milk and meat, 

while several other studies examined fodder crops. 

 Farmworker exposure is significant because of the number of possible routes, the 

frequency and the duration of exposure. Many studies examined farmworker exposure (e.g. 

Forslund et al. 2010; Zhang et al. 2013), including several that also considered the impact on 

family members (e.g. An et al., 2007). Depending on the level of mechanization this ranged from 

direct exposure to wastewater through planting and weeding (e.g. Trang et al. 2007c), variable 
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exposure associated with different irrigation methods (e.g. gravity flow irrigation or manual 

irrigation with buckets) (Rutkowski et al. 2007), to accidental inhalation of aerosol sprays more 

common in wastewater use in high income countries (Carlander et al. 2009). Most research on 

farmworker exposure examined microbiological contaminants using epidemiological methods or 

QMRA, which were linked to health risks such as dermatitis, diarrhoea and helminth infections. 

Limited work was conducted on farmworker chemical exposure, although a few studies 

examined heavy metal intake (e.g. Cifuentes et al. 2000a; Yang et al. 2006). In the case of 

organic chemicals, a study performed in a wastewater irrigation area in China reported that the 

majority of estimated cancer risk from polycyclic aromatic hydrocarbon contamination of soil 

was attributable to exposure through soil ingestion and skin contact (i.e. worker exposure), while 

only 0.03% of the total estimated risk was attributed to exposure via crop consumption (Zhang et 

al. 2013).  

  In addition to occupational and food consumption risks, people living or commuting near 

wastewater-irrigated land may experience indirect exposure. For example, cricket games in 

proximity to contaminated soil were reported as possible sources of accidental ingestion (Ensink 

et al.2006). Wastewater applied in aerosol form, i.e. sprays or sprinklers, was explored  as 

irrigators and community members in the surrounding area can be exposed to pathogens through 

this irrigation method (Ayuso-Gabella et al. 2011; Carlander et al. 2009; Devaux et al. 2001). In 

high income countries there are still health risks for communities in proximity to wastewater 

irrigation areas where lower levels of treatment are used to grow non-food crops. For instance, 

contamination of groundwater and drinking water supplies, as well as nearby areas (e.g. fields 

with food crops) was linked to wastewater use for energy crops (used as sources of biomass) in 

Northern Ireland and Sweden (Carlander et al. 2009).  
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 Children in particular are more vulnerable to some wastewater contaminants (Blumenthal 

et al. 2000), and this exposure was referenced in several articles (e.g. Mara et al. 2007; Yang et 

al. 2006). For instance, Blumenthal et al. (2001) found that children from agricultural households 

exposed to untreated wastewater had a much higher risk of A. lumbricoides infection than those 

from the control group not irrigating with wastewater. Children may be exposed to wastewater 

through playing in contaminated areas, which increases the frequency and duration of 

environmental exposures (An et al. 2007). Children are also less likely to practice sanitary 

behaviors like hand washing (Nwachuku and Gerba 2004). In addition, children are often 

involved in helping with agricultural work. For instance, in a wastewater-irrigated area in 

Marrakesh, one study reported that boys who helped with agricultural work had a greater risk of 

Salmonella infection than girls who stayed at home (Melloul and Hassani 1999). However, all 

children in the wastewater area had a higher prevalence of disease compared with control areas, 

particularly those aged under 10. 

 A key challenge to assessing the health risks of wastewater use is that people living in 

wastewater-irrigated areas may face exposures from a range of sources, and assessment of 

specific risk factors is made more difficult (Figure 2). In the reviewed studies this included poor 

living conditions, such as a lack of access to water for drinking, domestic uses and sanitation, 

which was considered in several  studies (e.g. Blumenthal et al. 2001; Ensink et al. 2008). In 

addition, practices such as animal husbandry and use of excreta in agriculture were further 

pathways of exposure to excreta-related pathogens. For instance Trang et al. (2007c) reported 

that wastewater use in peri-urban agriculture in Hanoi, Vietnam, did not increase the risk of 

helminth infection, while a lack of sanitation facilities and use of excreta for fertilizer did. Ferrer 

et al. (2012) identified a range of exposures to contaminants through recreational activities such 
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as swimming, bathing, and fishing in canals contaminated with untreated domestic and industrial 

wastewater in Bangkok, in addition to exposures from vegetable growing. Increasing 

urbanization and industrial development in the Bangkok region have increased contamination 

levels in canals, so these multiple pathways of exposure present serious health risks.  

 Additionally, health risks have been identified due to mosquito vector breeding in 

wastewater that is treated in stabilization ponds until it is safe to use (Mukhtar et al. 2006). 

Agunwamba (2001) found that poorly maintained wastewater stabilization ponds in Nigeria 

created odor and mosquito issues, trapped livestock, and were associated with a greater burden of 

malaria among communities in proximity to the ponds, requiring improved maintenance and 

monitoring strategies to enhance the benefits of wastewater use. 

 While this review focused on farm-level contamination, additional contamination of 

crops may occur at various points along the production chain and a small number of studies 

compared market contamination to farm-level contamination. For example, in Faisalabad, 

Pakistan, Ensink et al. (2007) found that unhygienic market handling was the main source of 

microbiological contamination, including washing produce in wastewater drains, compared with 

farm-level wastewater irrigation.  

Contaminant Types and Methods 

Contaminant types were divided into three groups comprising inorganic chemicals such as heavy 

metals, organic chemicals such as persistent organic pollutants, and microbiological 

contaminants including bacterial, viral, protozoan, and helminthic pathogens. Not including 4 

studies that did not specify a type of contaminant (Anh et al. 2007; Anh et al. 2009; Dodgen et 

al., 2013; Friedler et al., 2006) or exposure to vectors (eg. Mukhtar et al. 2006), the majority of 
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studies focused on a single contaminant group (85%, n=102), with only 2% conducted across all 

three contaminant groups ( Downs et al. 1999; Jang et al. 2010; Trang et al. 2007b) (Table 1, 

Tables S1 and S2). Of the three types of wastewater contaminants, microbiological contaminants 

were considered in 53% of studies (n=75), inorganic chemicals in 39% of studies (n=55), and 

organic chemicals in 8% (n=12) of studies. Work on organic contaminants included a large range 

of compounds including personal care products, polycyclic aromatic hydrocarbons (e.g. using 

petrochemical effluent to irrigate crops), and pesticides, primarily as skin irritants in Southeast 

Asia (e.g. Downs et al. 1999; Khan et al. 2008; Trang et al. 2007a). 

 Contaminant focus differed greatly by geographical region (Table 2). In general, studies 

in South Asia focused more on inorganic chemicals (e.g. Pb, Cd, Cr and Zn). This corresponds to 

areas where industrial development has resulted in industrial effluent entering municipal 

wastewater and water bodies, presenting a risk of heavy metal exposure due to consumption of 

crops (Gupta et al. 2012; Jan et al. 2010; Tang et al. 2011). Studies in Sub-Saharan Africa and 

Southeast Asia largely focused on microbiological contaminants, and chemical contaminants 

have generally been considered to be lower priority health risks in low-income countries (Bos et 

al. 2010). However, research is needed in areas experiencing growing industrial development in 

order to assess a greater number of contaminants (WHO, 2006). This will be needed to identify, 

monitor and prioritize health risks as well as to build capacity for enforcing safe disposal. 

 Although there was little focus on organic chemical contamination, compounds such as 

endocrine disruptors, pharmaceuticals, polycyclic aromatic hydrocarbons, plasticizers, or flame-

retardants may pose risks to human health and environmental integrity. Regulatory guidelines for 

many of these contaminants are still being determined and many cannot be monitored or detected 

(Terzić et al. 2008). In general, these environmental contaminants are difficult and expensive to 
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measure, despite representing a growing public health concern, especially in regions using 

treated wastewater that is considered safe (Dodgen et al. 2013). In developing countries there 

remains a larger contamination risk from pesticides applied directly to crops rather than from 

wastewater irrigation, and microbiological contaminants in wastewater continue to present a 

greater immediate health risk (Amoah et al. 2006; Simmons et al. 2010).  

Geographic Focus 

Wastewater irrigation is practiced in different ways across many world regions and a geographic 

analysis provides important insight on the distribution of studies examining health risks (Table 1, 

Tables S1 and S2). The largest proportion of research was conducted in Asia, with 55 studies. 

The majority of these studies were undertaken in large wastewater irrigating regions in China, 

India and Pakistan, with only 13 studies conducted in Southeast Asia, including 9 located in 

Vietnam. Globally, these countries report some of the largest areas irrigated with untreated 

wastewater, with China the largest user of wastewater in absolute terms (Jiménez and Asano, 

2008). 

 The Middle East and North Africa (MENA) region reports the largest number of water 

stressed countries and highest water withdrawals for agriculture of any region in the world. 

Seven countries in the MENA region are within the top ten highest wastewater users per capita 

(Jiménez and Asano, 2008). Despite intensive wastewater use in the region, only 14 of the 

reviewed articles had this geographic focus, with 6 focused on Morocco. More research is 

needed on health risks of wastewater use in these water-stressed areas relying heavily on such 

waters for irrigation (Grangier et al. 2012).  
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 The Sub-Saharan Africa region, where most wastewater used for irrigation is untreated, 

was the focus of 18 studies, including 4 studies located in Ghana (Amoah et al. 2006; Keraita et 

al. 2008; Lente et al. 2012; Silverman et al. 2013). The majority of these studies focused on 

urban vegetable farming using untreated wastewater discharged into urban drainage systems. 

Latin America and the Caribbean, where only about 20% of generated wastewater is treated 

(Sato et al. 2013), was the focus of only 11 studies despite high levels of wastewater use, 8 of 

which examined wastewater use in Mexico. For instance we found no studies conducted in Chile, 

a country which irrigates the most hectares with treated wastewater in the world (Jiménez and 

Asano 2008). 

  In the European region, 27 study sites were identified with the largest number in Spain 

and Italy, while 8 studies were identified in Australia and the United States. The majority of 

these studies used experimental plots or were greenhouse studies (i.e. controlled plots testing 

various crop or treatment variables), with exceptions that examined the use of wastewater for 

crops such as olive trees or biofuel (e.g. Palese et al. 2009; Pedrero et al. 2012). Overall, these 

findings show that research is concentrated in several regions and countries, while other regions 

where wastewater irrigation is extensively practiced remain under-researched.   

Contaminant Uptake 

Contaminant uptake into the food chain is a key concern associated with wastewater irrigation, 

as this is the most widespread exposure route. Accumulation of even small amounts of metals in 

soil is a challenge in areas with long-term wastewater irrigation due to chronic exposure for 

consumers. In the case of heavy metals and metalloids, uptake is determined by a range of 

factors including soil conditions and vegetable type. For instance, Khan et al. (2008) found that 

leafy vegetables had higher transfer of Cd, Cu, and Ni from soil to plants in Tianjin, China. 
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Singh et al. (2010) compared a range of vegetables contaminated with heavy metals near 

Varanasi, India and found highest concentrations in cabbage, brinjal (eggplant) and the leafy 

vegetables lady’s finger and spinach, compared with other vegetables such as gourd varieties. 

However, although heavy metal concentration in rice and wheat were lower in this analysis, they 

were found to be a greater risk to people than other crops due to their higher dietary consumption 

levels. Uptake of organic contaminants has also been found to vary by vegetable type (Calderón-

Preciado et al. 2013). Dodgen et al. (2013) found that the charge of organic compounds impacted 

plant uptake when comparing collards and lettuce. Wu et al. (2013) identified organic 

compounds that preferentially sorbed to roots versus those that easily translocated into leaves, 

but noted that estimation of dietary intake by humans implied negligible risks. 

 Information on varying uptake levels among crop types might be used to determine 

which vegetables should be grown in areas with specific contaminants (Simmons et al. 2010). 

For instance, in a comparison of leafy vegetables in Nigeria, Agbenin et al. (2008) found lettuce 

contained much higher levels of As and Cr, but lower levels of Cd compared with amaranth. 

Wang et al. (2003) found that wheat accumulated more Cd and Pb in the seeds than corn, where 

the metals accumulated in the roots. However, many context-specific factors must be considered 

when making crop recommendations and not all are based on consumer health, such as market 

value and growing conditions.   

 In addition to uptake of chemicals through roots, contaminants can be retained on the 

surface of crops and vegetables that grow above ground. Hamilton et al. (2006) explored the 

potential impact of pathogen retention using a QMRA model projecting enteric virus survival on 

leafy vegetables (lettuce, cabbage and broccoli) and cucumber. The smoother cucumber skin 
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retained less water and therefore lower virus amounts, while cabbage retained more water and 

greater virus amounts than broccoli. Pandey et al. (2012) found that while root vegetables 

showed greater uptake of heavy metals over leaves and fruits irrigated with wastewater, when the 

inputs of atmospheric deposition were considered together with wastewater irrigation, leafy 

vegetables showed greater contamination levels. A challenge for understanding and comparing 

risks identified in these studies is the range of methods used to assess contamination, including 

dry or wet weight of chemicals and ratios of soil to plant matter.  

Implications 

Wastewater irrigation is expected to grow in countries with freshwater scarcity, especially in 

light of increasing volumes of urban wastewater (Sato et al. 2013). This requires an in-depth 

understanding of the major health risks and exposure pathways in order to make relevant risk 

management decisions for different wastewater use situations.  Several recommendations and 

areas for additional research on wastewater health risks emerge from our results. 

Recognition of complex pathways 

Research is needed to broaden understanding of complex risk factors associated with wastewater 

use, such as evaluating multiple types of contaminant groups, cumulative exposure pathways in 

wastewater irrigation areas, and inconsistent contaminant concentrations in wastewater. The 

most common exposure pathway analyzed was consumption of wastewater-irrigated crops, 

however researchers must also consider synergies with other environmental health risks when 

designing guidelines. For example, Pandey et al. (2012) showed that atmospheric deposition of 

toxic metals was an additional source of metal contamination in vegetables near Varanasi, India. 

Similarly, Lente et al. (2012) suggested that although Pb levels in vegetables grown in Accra, 

Ghana, were found to be below dietary thresholds (based on estimated daily intake compared 
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with ATSDR (2012), FAO/WHO (2010) and WHO (2005) thresholds), there were additional 

routes of Pb exposure in the environment. The importance of other compounding exposures such 

as water and sanitation access, use of excreta as fertilizer, and animal husbandry, among farmers, 

consumers and those living in wastewater irrigation areas must be understood in order to best 

target resources for protecting and improving health.  

 In the case of crop contamination, transport of contaminants in the environment and 

variable uptake into crops, as well as differing types of food consumed should be considered. A 

risk assessment by Hamilton et al. (2006) suggested that the risk of enteric infection due to 

infrequent consumption of highly contaminated vegetables was comparable to the estimated risk 

due to more frequent consumption of crops with far lower contamination levels. While 

thoroughly washing and preparing food prior to consumption can minimize or eliminate 

microbiological risks and reduce some chemical risks, uptake of chemical contaminants by 

plants is harder to address. In some areas where wastewater irrigation has been applied for 

decades (e.g. Tai et al. 2013), contaminant bioaccumulation in soil has reached dangerous levels, 

especially in cases where consumers have lifelong exposure to contaminants. However, chronic 

health outcomes among consumers, such as cancers, are more difficult to attribute to wastewater 

(Bos et al. 2010; Gupta et al. 2012), and more long-term studies are needed to increase 

understanding of these health risks.  

 Agricultural workers and their families face immediate health risks from direct contact 

with contaminated soil (e.g. through ingestion and inhalation) (An et al. 2007), and fewer studies 

analyzed these risks compared with crop contamination studies. Measuring occupational health 

risks for agricultural workers is challenging because of varying time lengths of exposure, and 
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changing contaminant concentration due to seasonal differences in water availability or treatment 

level of effluent used for irrigation.  For instance, Rutkowski et al. (2007) reported that in the 

Kathmandu Valley wastewater irrigation was used in the dry season when pollutant levels were 

highest in order to grow vegetable cash crops in water scarce conditions. In addition, different 

farming practices and irrigation techniques may impact exposure to wastewater, and duties may 

differ based on gender roles. More work is needed where the risks to farmers are especially high 

in the context of informal urban agriculture, where barriers such as insecure land tenure and lack 

of resources reduce investment in health protection measures such as drip irrigation and 

protective clothing (Drechsel et al. 2002). This may be due to the fact that untreated wastewater 

irrigation remains in the informal sector in most developing countries. As such, wastewater 

irrigation is not often acknowledged at the national level due to the fear of economic 

repercussions in agricultural trade, requiring food safety and other phyto-sanitary measures 

(Qadir et al. 2010). In addition, attention to vulnerable groups is needed, such as children 

involved in agricultural work who face disproportionate risks.   

 In addition to agricultural wastewater contamination, food contamination can occur at 

other points in the food supply and processing chain from sources such as transportation, market 

selling or household food hygiene (WHO 2015). Greater consideration of additional 

contamination routes can an improve targeted risk reduction measures that focus on the greatest 

hazards, while still supporting livelihoods of farmers and ensuring a secure urban food supply. 

For instance, Amoah et al., (2006) found harmful levels of microbial and pesticide contamination 

on produce sold in Ghanaian markets. They suggested this may due to irrigation water quality as 

well as market washing practices, and recommended education and awareness campaigns on 
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food hygiene for markets and households to protect public health without limiting farmers’ 

livelihoods. 

 There are additionally research opportunities to provide a better understanding  of the 

‘multiple realties’ wastewater use, including benefits such as water and food security, nutrient 

input and improved livelihoods, which should be considered together with the risks (Raschid-

Sally 2013). For instance, Pedrero (2012) found that fruit-quality index values (e.g. color, 

weight, peel thickness) were significantly better in fruit irrigated with secondary treated 

wastewater, compared with tertiary treated wastewater (a more advanced treatment). Moreover, 

children in wastewater irrigation areas in Vietnam were found to have better nutritional status 

than those in areas using river water for irrigation (Trang et al. 2006). Thus recommendations to 

reduce risk must be based on local situations, such as reducing celery cultivation where it 

indicates greatest uptake potential of Cd (Tang et al. 2011) or changing irrigation methods for 

lettuce growing in areas where it risks retaining pathogens that are protected from sunlight and 

desiccation. However, recommendations to reduce exposure to contaminants may not be 

acceptable or economically feasible to some populations who are accustomed to eating or selling 

certain vegetables (Petterson et al. 2001). In addition, farmers prefer to grow certain high-value 

vegetables for markets and the year-round availability of wastewater irrigation can increase 

profit margins (Qadir et al. 2000).  The standardization of research methods, such as consistent 

methodologies and reporting relating to contaminant uptake into crops could improve guidelines 

to ensure more effective risk management. 
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Changing urban environments 

Research on wastewater in low and middle income countries with expanding urban populations 

and rapidly growing industrial sectors must reflect these changing conditions. For example, few 

studies addressed more than one type of contamination, which may provide an incomplete 

picture of health risks in these contexts. While urban farming activities in Sub-Saharan Africa 

and Southeast Asia have traditionally faced a greater risk of biological contamination, more 

evidence is needed in areas where new exposures to chemical contaminants threaten public 

health. In addition, transport and uptake of emerging organic compounds in the environment, and 

their health risks, are poorly understood yet increasingly relevant to developed countries using 

treated wastewater where these compounds may not be removed during conventional treatment 

(Daughton 2004). Furthermore, rather than an even distribution of knowledge, existing research 

was focused in specific geographical regions. Research is needed in a greater number of regions 

where wastewater irrigation is applied, as 7 countries accounted for 50% of reviewed studies 

(China, India, Mexico, Pakistan, Spain, Vietnam, USA). Of these countries, China and Mexico 

irrigate by far the greatest number hectares with untreated wastewater, but represent only around 

10% of general wastewater reuse per capita (Jiménez and Asano 2008). 

 Better testing and monitoring methods will be required to ensure that the full range of 

health risks is considered by decision-makers, particularly with increasing global food trade. In a 

global assessment, Sato et al. (2013) reported limited availability of information on use of 

wastewater in many countries, however the human health risks are a critical reason to motivate 

collection of this information. Although the majority of studies in this review applied indirect 

risk assessment approaches (e.g. QMRA or health risk index) or assessment of crop 

contamination, more epidemiological research is required that directly tests disease prevalence 



Environ Health Perspect DOI: 10.1289/ehp.1509995 
Advance Publication: Not Copyedited 
 

21	

and exposures to chemical contaminants in order to provide a stronger evidence-base for 

decision-makers. In addition to changing social and economic conditions and priorities, research 

on the impact of climate change on wastewater use will be valuable. This will improve 

understanding of the advantages for adaptation in water-stressed areas, as well as the risks for 

increased survival of pathogens such as Salmonella in warmer temperatures (Schuster-Wallace et 

al. 2014).  

Knowledge, attitudes and costs 

More research to characterize knowledge, attitudes and behaviors relating to wastewater health 

risks for farmers and consumers in different geographical regions will provide a greater 

understanding of the extent to which guidelines are observed. For instance, in some cases the 

economic benefits of using wastewater and the reduced need for fertilizers are the primary 

incentives for farmers to use wastewater irrigation (Amerasinghe et al. 2009). Understanding 

diverse perspectives on wastewater use can help identify useful awareness building and 

education activities to mitigate health risks. While hygienic practices and protective equipment 

use can be implemented to reduce risks, they can be prohibitively expensive, e.g. for migrant 

workers, and may need to be monitored and enforced or incentivized to be effective. In addition, 

understanding consumer practices relating to hygienic cooking practices including washing 

vegetables with clean water is critical. These types of research opportunities can promote 

collaboration across social and physical sciences in order to incorporate different forms of 

evidence to develop improved and comprehensive recommendations. Finally, economic 

evaluations and analyses of the acute and chronic healthcare costs compared with benefits of 

wastewater use, such as increases in nutrition and food security, can provide further useful 

evidence for decision-makers.  
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Conclusions  

As the use of wastewater in agriculture expands to respond to freshwater scarcity, it is critical to 

remain informed of health risks associated with the practice. In areas traditionally dealing with 

microbiological contaminants, such as Southeast Asia and Sub-Saharan Africa, there is a need to 

assess a growing number of chemical contaminants produced by emerging industrial sectors and 

increasingly concentrated wastewater associated with large urban populations. In developed 

regions, where wastewater is treated for standard contaminants such as pathogens and inorganic 

chemicals, organic contaminants are an area for further investigation. Work in under-researched 

regions, such as Latin America, would enhance evidence available for decision-making in these 

areas.  

 Developing wastewater guidelines that achieve a balance between promoting health and 

protecting other benefits, including farmer livelihoods and a secure food supply, is challenging 

and depends on adequate health data. Despite serious health risks, we found few studies that 

directly assessed disease prevalence or chemical exposure associated with wastewater use, 

compared with a much larger body of work using risk assessment models (e.g. QMRA) or crop 

samples to estimate risks. While these studies require greater resources, the information that they 

provide is necessary to support context-specific guidelines and decision-making and is currently 

limited.  Moreover, studies focused on long-term exposure are needed to analyze the risks of 

ongoing occupational or food-based exposure to low levels of contamination.  Finally, multiple 

cumulative environmental exposures affecting populations in wastewater use areas, such as water 

and sanitation access, must be comprehensively examined to prioritize risk reduction steps and to 

target vulnerable groups. The research gaps identified in this review provide insight on 
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opportunities for future work that will contribute to harnessing the benefits of wastewater in 

changing environmental and social contexts, while mitigating risks to public health. 

  



Environ Health Perspect DOI: 10.1289/ehp.1509995 
Advance Publication: Not Copyedited 
 

24	

References 

 
Agbenin JO, Danko M, Welp G. 2009. Soil and vegetable compositional relationships of eight 
potentially toxic metals in urban garden fields from northern Nigeria. J Sci Food Agric 89(1):49–
54. 

Agunwamba JC. 2001. Analysis of socioeconomic and environmental impacts of waste 
stabilization pond and unrestricted wastewater irrigation: Interface with maintenance. Environ 
Manage 27(3):463–476. 

Amahmid O, Bouhoum K. 2005. Assessment of the health hazards associated with wastewater 
reuse: Transmission of geohelminthic infections (Marrakech, Morocco). Int J Environ Heal R 
15(2):127–133. 

Amerasinghe PH, Simmons RW, Evans A, Blummel M, Drescher AW. 2009. Ensuring health 
and food safety from rapidly expanding wastewater irrigation in South Asia: BMZ final report 
2005-2008. Hyderabad, India: International Water Management Institute. 

Amoah P, Drechsel P, Abaidoo RC, Ntow WJ. 2006. Pesticide and pathogen contamination of 
vegetables in Ghana's urban markets. Arch Environ Contam Toxicol 50(1):1–6. 

An YJ, Yoon CG, Jung KW, Ham JH. 2007. Estimating the Microbial Risk of E. coli in 
Reclaimed Wastewater Irrigation on Paddy Field. Environ Monit Assess 129 (1-3):53–60. 

Anh VT, Van Der Hoek W, Ersbøll AK, Thuong NV, Tuan ND, Cam PD, Dalsgaard A. 2007. 
Dermatitis among farmers engaged in peri-urban aquatic food production in Hanoi, 
Vietnam. Trop Med Int Health 12(s2):59–65. 

Anh VT, Van der Hoek W, Ersbøll AK, Vicheth C, Cam P, Dalsgaard A. 2009. Peri-urban 
aquatic plant culture and skin disease in Phnom Penh, Cambodia. J Water Health 7(2):302–311. 

Ayuso-Gabella N, Page D, Masciopinto C, Aharoni A, Salgot M, Wintgens T. 2011. Quantifying 
the effect of Managed Aquifer Recharge on the microbiological human health risks of irrigating 
crops with recycled water. Agr Water Manage 99(1):93–102. 

Blumenthal UJ, Cifuentes E, Bennett S, Quigley M, Ruiz-Palacios G. 2001. The risk of enteric 
infections associated with wastewater reuse: the effect of season and degree of storage of 
wastewater. T Roy Soc Trop Med H 95(2): 131–137. 

Blumenthal UJ, Mara DD, Peasey A, Ruiz-Palacios G, Stott R. 2000. Guidelines for the 
microbiological quality of treated wastewater used in agriculture: Recommendations for revising 
WHO guidelines. Bull. World Health Organ. 78: 1104–1116. 



Environ Health Perspect DOI: 10.1289/ehp.1509995 
Advance Publication: Not Copyedited 
 

25	

Bos R, Carr R, Keraita B. 2010. Assessing and mitigating wastewater-related health risks in low-
income countries: An introduction. In: Wastewater irrigation and health: Assessing and 
mitigating risk in low-income countries (Drechsel P, Scott CA, Raschid-Sally L, Redwood M, 
Bahri A, eds). London: Earthscan, 29-47. 

Calderón-Preciado D, Matamoros V, Savé R, Muñoz P, Biel C, Bayona JM. 2013. Uptake of 
microcontaminants by crops irrigated with reclaimed water and groundwater under real field 
greenhouse conditions. Environ Sci Pollut Res 20(6):3629–3638. 

Carlander A, Schonning C, Stenstrom TA. 2009. Energy forest irrigated with wastewater: a 
comparative microbial risk assessment. J Water Health 7(3):413–433. 

Chary SN, Kamala CT, Samuel Suman Raj D. 2008. Assessing risk of heavy metals from 
consuming food grown on sewage irrigated soils and food chain transfer. Ecotoxicol Environ Saf 
69:513–524.  

Cifuentes E, Villanueva J, Sanin LH. 2000a. Predictors of blood lead levels in agricultural 
villages practicing wastewater irrigation in Central Mexico. Int J Occup Environ Health 6(3): 
177–182. 

Cifuentes E, Gomez M, Blumenthal U, Tellez-Rojo MM, Romieu I, Ruiz-Palacios G, et al. 
2000b. Risk factors for Giardia intestinalis infection in agricultural villages practicing 
wastewater irrigation in Mexico. Am J Trop Med Hyg 62(3):388–392. 

Daughton CG. 2004. Non-regulated water contaminants: Emerging research. 
Environ Impact Assess Rev 24:711–732. 

Devaux I, Gerbaud L, Planchon C, Bontoux J, Glanddier PY. 2001. Infectious risk associated 
with wastewater reuse: an epidemiological approach applied to the case of Clermont-Ferrand, 
France. Water Sci Technol 43(12):53–60. 

Dodgen LK, Li J, Parker D, Gan JJ. 2013. Uptake and accumulation of four PPCP/EDCs in two 
leafy vegetables. Environ Pollut 182:150–156. 

Downs TJ, Cifuentes-Garcia E, Suffet IM. 1999. Risk screening for exposure to groundwater 
pollution in a wastewater irrigation district of the Mexico City region. Environ Health Perspect 
107(7):553–561. 

Drechsel P, Blumenthal UJ, Keraita B. 2002. Balancing health and livelihoods: adjusting 
wastewater irrigation guidelines for resource-poor countries. Urban Agriculture Magazine 8:7–9. 

Drechsel P, Scott CA, Raschid-Sally L, Redwood M, Bahri A. 2010. Wastewater Irrigation and 
Health: Assessing and Mitigating Risk in Low-Income Countries. London: Earthscan. 



Environ Health Perspect DOI: 10.1289/ehp.1509995 
Advance Publication: Not Copyedited 
 

26	

Ensink JH, Van Der Hoek W, Mukhtar M, Tahir Z, Amerasinghe FP. 2005. High risk of 
hookworm infection among wastewater farmers in Pakistan. Trans R Soc Trop 
Med Hyg 99:809–818. 

Ensink JH, van der Hoek W, Amerasinghe FP. 2006. Giardia duodenalis infection and 
wastewater irrigation in Pakistan. Trans R Soc Trop Med Hyg 100(6):538–542. 

Ensink JH, Mahmood T, Dalsgaard A. 2007. Wastewater-irrigated vegetables: market handling 
versus irrigation water quality. Trop Med Int Health 12(s2):2–7. 

Ensink JH, Blumenthal UJ, Brooker S. 2008. Wastewater quality and the risk of intestinal 
nematode infection in sewage farming families in Hyderabad, India. Am J Trop Med Hyg 79(4): 
561–567. 

Farahat E, Linderholm HW. 2013. Effects of treated wastewater irrigation on size-structure, 
biochemical products and mineral content of native medicinal shrubs. Ecol Eng 60:235–241. 

Ferrer A, Nguyen-Viet H, Zinsstag J. 2012. Quantification of Diarrhea Risk Related to 
Wastewater Contact in Thailand. Ecohealth 9(1):49–59. 

Food and Agriculture Organization of the United Nations (FAO). 2010. The Wealth of Waste: 
The Economics of Wastewater Use in Agriculture. FAO Water Reports 35.  

Forslund A, Ensink JHJ, Battilani A, Kljujev I, Gola S, Raicevic V, et al. 2010. Faecal 
contamination and hygiene aspect associated with the use of treated wastewater and canal water 
for irrigation of potatoes (Solanum tuberosum). Agric. Water Manag. 98:440–450.  

Friedler E, Lahav O, Jizhaki H, Lahav T. 2006. Study of urban population attitudes towards 
various wastewater reuse options: Israel as a case study. J. Environ. Manage. 81:360–370; 
doi:10.1016/j.jenvman.2005.11.013. 

Grangier C, Qadir M, Singh M. 2012. Health implications for children in wastewater-irrigated 
peri-urban Aleppo, Syria. Water Qual Expo Health 4(4):187–195. 

Gumbo JR, Malaka EM, Odiyo JO, Nare L. 2010. The health implications of wastewater reuse in 
vegetable irrigation: a case study from Malamulele, South Africa. Int J Environ Heal R 20(3): 
201–211. 

Gupta N, Khan DK, Santra SC. 2012. Heavy metal accumulation in vegetables grown in a long-
term wastewater-irrigated agricultural land of tropical India. Environ Monit Assess 184(11): 
6673–6682. 

Habbari K, Tifnouti A, Bitton G, Mandil A. 2000. Geohelminth infections associated with raw 
wastewater reuse for agricultural purposes in Beni-Mallal, Morocco. Parasitol Int 48:249–254. 



Environ Health Perspect DOI: 10.1289/ehp.1509995 
Advance Publication: Not Copyedited 
 

27	

Hamilton AJ, Stagnitti F, Premier R, Boland AM, Hale G. 2006. Quantitative microbial risk 
assessment models for consumption of raw vegetables irrigated with reclaimed water. Appl 
Environ Microbiol 72(5):3284–3290. 

Hanjra MA, Blackwell J, Carr G, Zhang F, Jackson TM. 2012. Wastewater irrigation and 
environmental health: Implications for water governance and public policy. Int J Hyg 
Environ Health 215(3): 255–269. 

Hien BTT, Scheutz F, Cam PD, Mølbak K, Dalsgaard A. 2007. Diarrhoeagenic Escherichia coli 
and other causes of childhood diarrhoea: a case–control study in children living in a wastewater-
use area in Hanoi, Vietnam. J Med Microbiol 56(8): 1086–1096. 

Jan FA, Ishaq M, Khan S, Ihsanullah I, Ahmad I, Shakirullah M. 2010. A Comparative Study of 
Human Health Risks via Consumption of Food Crops Grown on Wastewater Irrigated Soil 
(Peshawar) and Relatively Clean Water Irrigated Soil (lower Dir). J Hazard Mater 179:612–621. 

Jang T, Lee SB, Sung CH, Lee HP, Park SW. 2010. Safe application of reclaimed water reuse for 
agriculture in Korea. Paddy Water Environ. 8:227–233; doi:10.1007/s10333-010-0203-9.Järup 
L. 2003. Hazards of heavy metal contamination. Br Med Bull 68(1):167-182. 

Jiménez B, Asano T. 2008. Water reclamation and reuse around the world. In: Water Reuse: An 
International Survey of Current Practice, Issues and Needs (Jiménez B, Asano T, eds). London: 
IWA Publishing, 3–26. 

Keraita B, Drechsel P, Konradsen F. 2008. Perceptions of farmers on health risks and risk 
reduction measures in wastewater–irrigated urban vegetable farming in Ghana. J Risk Res 11(8): 
1047–1061. 

Khan S, Cao Q, Zheng YM, Huang YZ, Zhu YG. 2008. Health Risks of Heavy Metals in 
Contaminated Soils and Food Crops Irrigated with Wastewater in Beijing, China. Environ Pollut 
152:686–692.  

Lekouch N, Sedki A, Bouhouch S, Nejmeddine A, Pineau A, Pihan JC.1999. Trace elements in 
children's hair, as related exposure in wastewater spreading field of Marrakesh 
(Morocco). Sci Total Environ 243:323–328. 

Lente I, Keraita B, Drechsel P, Ofosu–Anim J, Brimah AK. 2012. Risk assessment of heavy–
metal contamination on vegetables grown in long–term wastewater irrigated urban farming sites 
in Accra, Ghana. Water Qual Expo Health 4(4):179–186. 

Mara DD, Sleigh PA, Blumenthal UJ, Carr RM. 2007. Health risks in wastewater irrigation: 
Comparing estimates from quantitative microbial risk analyses and epidemiological studies. 
J Water Health 5(1):39–50. 



Environ Health Perspect DOI: 10.1289/ehp.1509995 
Advance Publication: Not Copyedited 
 

28	

Melloul AA, Hassani L. 1999. Salmonella infection in children from the wastewater-spreading 
zone of Marrakesh city (Morocco). J Appl Microbiol 87(4): 536–539. 

Melloul A, Amahmid O, Hassani L, Bouhoum K. 2002. Health effect of human wastes use in 
agriculture in El Azzouzia (the wastewater spreading area of Marrakesh city, Morocco). Int. J. 
Environ. Health Res. 12:17–23. 

Mukhtar M, Ensink J, Van der Hoek W, Amerasinghe FP, Konradsen F. 2006. Importance of 
waste stabilization ponds and wastewater irrigation in the generation of vector mosquitoes in 
Pakistan. J Med Entomol 43(5): 996–1003. 

Navarro I, Jiménez B. 2011.Evaluation of the WHO helminth eggs criteria using a QMRA 
approach for the safe reuse of wastewater and sludge in developing countries. Water Sci Technol 
63(7): 1499-1505.  

Nwachuku N, Gerba CP. 2004. Microbial risk assessment: don’t forget the children. Curr. Opin. 
Microbiol. 7:206–9.Palese AM, Pasquale V, Celano G, Figliuolo G, Masi S, Xiloyannis C. 2009. 
Irrigation of olive groves in Southern Italy with treated municipal wastewater: Effects on 
microbiological quality of soil and fruits. Agric Ecosyst Environ 129(1–3): 43–51.  

Pandey R, Shubhashish K, Pandey J. 2012. Dietary intake of pollutant aerosols via vegetables 
influenced by atmospheric deposition and wastewater irrigation. Ecotoxicol Environ Saf 76:200–
208. 

Pedrero F, Alarcón JJ. 2009. Effects of treated wastewater irrigation on lemon trees. Desalination 
246(1–3): 631–639. 

Pedrero F, Allende A, Gil MI, Alarcon JJ. 2012. Soil chemical properties, leaf mineral status and 
crop production in a lemon tree orchard irrigated with two types of wastewater. Agr Water 
Manage 109:54–60. 

Petterson SR, Ashbolt NJ. 2001. Viral risks associated with wastewater reuse: modeling virus 
persistence on wastewater irrigated salad crops. Water Sci Technol 43(12):23–26. 

Qadir M, Ghafoor A, Murtaza G. 2000. Cadmium concentration in vegetables grown on urban 
soils irrigated with untreated municipal sewage. Environ Dev Sustain 2(1):13–21.   

Qadir M, Sharma BR, Bruggeman A, Choukr–Allah R, Karajeh F. 2007. Non–conventional 
water resources and opportunities for water augmentation to achieve food security in water 
scarce countries. Agr Water Manage 87:2–22. 

Qadir M, Wichelns D, Raschid–Sally L, McCornick PG, Drechsel P, Bahri A, et al. 2010. The 
challenges of wastewater irrigation in developing countries. Agr Water Manage 97:561–568. 



Environ Health Perspect DOI: 10.1289/ehp.1509995 
Advance Publication: Not Copyedited 
 

29	

Raschid–Sally L, Jayakody P. 2008. Drivers and Characteristics of Wastewater Agriculture in 
Developing Countries: Results from a Global Assessment. International Water Management 
Institute Research Report 127. 

Raschid–Sally L. 2013. City Waste for Agriculture: Emerging Priorities which Influence Agenda 
Setting. Aquatic Procedia 1:88–99. 

Rutkowski T, Raschid–Sally L, Buechler S. 2007. Wastewater irrigation in the developing 
world—Two case studies from the Kathmandu Valley in Nepal. Agr Water Manage 88(1–3):83–
91. 

Sato T, Qadir M, Yamamoto S, Endo T, Ahmad Z. 2013. Global need for data on wastewater 
generation, treatment, and reuse. Agr Water Manage 130:1–13. 

Schuster-Wallace C, Dickin S, Metcalfe C. 2014. Waterborne and Foodborne Diseases, Climate 
Change Impacts on Health. In: Global Environmental Change (Freedman B, ed). Springer 
Netherlands, 615-622. 

Scott CA, Drechsel P, Raschid–Sally L, Bahri A, Mara D, Redwood M, et al. 2010. Wastewater 
Irrigation and Health: Challenges and Outlook for Mitigating Risks in Low-Income Countries. 
In: Wastewater irrigation and health: Assessing and mitigating risk in low-income countries 
(Drechsel P, Scott CA, Raschid-Sally L, Redwood M, Bahri A, eds). London: Earthscan, 381–
394. 

Silverman AI, Akrong MO, Amoah P, Drechsel P, Nelson KL. 2013. Quantification of human 
norovirus GII, human adenovirus, and fecal indicator organisms in wastewater used for irrigation 
in Accra, Ghana. J Water Health 11(3): 473–488. 

Simmons R, Qadir M, Drechsel P. 2010. Farm–based measures for reducing human and 
environmental health risks from chemical constituents in wastewater. In: Wastewater irrigation 
and health: Assessing and mitigating risk in low-income countries (Drechsel P, Scott CA, 
Raschid-Sally L, Redwood M, Bahri A, eds). London: Earthscan, 209–238. 

Singh A, Sharma RK, Agrawal M, Marhsal FM. 2010. Health Assessment of Heavy Metals via 
Dietary Intake of Foodstuffs from the Wastewater Irrigated Site of a Dry Tropical Area of India. 
Food Chem Toxicol 48:611–619. 

Srikanth R, Naik D. 2004. Health effects of wastewater reuse for agriculture in the suburbs of 
Asmara City, Eritrea. Int J Occup Env Heal 10(3):284–288. 

Tai Y, Lu H, Li Z, Zhuang P, Zou B, Xia H, et al. 2013. Purification of contaminated paddy 
fields by clean water irrigation over two decades. Environ Geochem Health 35(5):657–666. 



Environ Health Perspect DOI: 10.1289/ehp.1509995 
Advance Publication: Not Copyedited 
 

30	

Tang JC, Bai XR, Zhang WJ. 2011. Cadmium Pollution and its Transfer in Agricultural Systems 
in the Suburbs of Tianjin, China. Soil Sediment Contam 20(6): 722–732. 

Terzić S, Senta I, Ahel M, Gros M, Petrovic M, Barcelo D, et al. 2008. Occurrence and fate of 
emerging wastewater contaminants in Western Balkan Region. Sci Total Environ 399:66–77. 

Thebo AL, Drechsel P, Lambin EF. 2014. Global assessment of urban and peri–urban 
agriculture: irrigated and rainfed croplands. Environ Res Lett 9(11):114002. 

Trang D, van der Hoek W, Cam PD, Vinh KT, Hoa NV, Dalsgaard A. 2006. Low risk for 
helminth infection in wastewater-fed rice cultivation in Vietnam. J Water Health 4(3): 321–331. 

Trang DT, Mølbak K, Cam PD, Dalsgaard A. 2007a. Incidence of and risk factors for skin 
ailments among farmers working with wastewater-fed agriculture in Hanoi, Vietnam. T Roy Soc 
Trop Med H 101(5): 502–510. 

Trang DT, Van Der Hoek W, Tuan ND, Cam PD, Viet VH, Luu DD. 2007b. Skin disease among 
farmers using wastewater in rice cultivation in Nam Dinh, Vietnam. Trop Med Int Health 
12(s2):51–58. 

Trang DT, Mølbak K, Cam PD, Dalsgaard A. 2007c. Helminth infections among people using 
wastewater and human excreta in peri-urban agriculture and aquaculture in Hanoi, 
Vietnam. Trop Med Int Health 12(s2):82–90. 

Trang DT, Bui TTH, Mølbak K, Phung DC, Dalsgaard A. 2007d. Epidemiology and aetiology of 
diarrhoeal diseases in adults engaged in wastewater-fed agriculture and aquaculture in Hanoi, 
Vietnam. Trop. Med. Int. Health 12 Suppl 2:23–33; doi:10.1111/j.1365-3156.2007.01938.x. 

Trinh LT, Duong CC, Van Der Steen P, Lens PN. 2013. Exploring the potential for wastewater 
reuse in agriculture as a climate change adaptation measure for Can Tho City, Vietnam. Agr 
Water Manage 128:43–54. 

Wang QR, Cui YS, Liu XM, Dong YT, Christie P. 2003. Soil contamination and plant uptake of 
heavy metals at polluted sites in China. J Environ Sci Health A Tox Hazard Subst Environ Eng 
38(5):823–838. 

Wang N, Li HB, Long JL, Cai C, Dai JL, Zhang J, Wang RQ. 2012. Contamination, source, and 
input route of polycyclic aromatic hydrocarbons in historic wastewater-irrigated agricultural 
soils. J Environ Monitor 14(12):3076-3085. 

World Health Organization (WHO). 2006. Guidelines for the safe use of wastewater, excreta and 
greywater. Volume 2: Wastewater use in agriculture. Geneva: World Health Organization. 

World Health Organization (WHO). 2015. Sanitation Safety Planning; Manual for safe use and 



Environ Health Perspect DOI: 10.1289/ehp.1509995 
Advance Publication: Not Copyedited 
 

31	

disposal of wastewater, greywater and excreta. Geneva: World Health Organisation. 

Wu, X., Ernst, F., Conkle, J. L., & Gan, J. (2013). Comparative uptake and translocation of 
pharmaceutical and personal care products (PPCPs) by common vegetables. Environ Int 60:15–
22.  

Yang QW, Lan CY, Wang HB, Zhuang P, Shu WS. 2006. Cadmium in soil–rice system and 
health risk associated with the use of untreated mining wastewater for irrigation in Lechang, 
China. Agr Water Manage 84(1–2):147–152. 

Zhang J, Yang JC, Wang RQ., Hou, H., Du XM, Fan, SK, et al. 2013. Effects of pollution 
sources and soil properties on distribution of polycyclic aromatic hydrocarbons and risk 
assessment. Sci Total Environ 463:1–10. 



Environ Health Perspect DOI: 10.1289/ehp.1509995 
Advance Publication: Not Copyedited 
 

32	

Table 1: Summary of epidemiological studies that assessed health risks associated with wastewater irrigation 

Authors Location Data sources Health risks Contamination 
Pathways considered 

Study design 

Amahmid and 
Bouhoum, 
2005 

Marrakech 
Morocco 

Stool samples, 
survey 

Helminth infection 
(Ascaris, Trichuris) 

Children living in 
wastewater irrigation 
areas, water, sanitation 
and hygiene, 
occupational (parents) 

Cross-sectional study of an 
exposed group and control 
group children (n = 610) 

Anh et al., 
2007 

Hanoi, 
Vietnam 

Survey, 
dermatologist 
examination 

Skin problems 
including infections, 
dermatitis and fungal 
growth 

Occupational (farmers 
practicing aquatic plant 
culture) 

Cross-sectional study with 2 
follow-ups (n= 235 farmers) 
in 200 households in two 
communes, one using 
wastewater and another using 
river, rain and well water 

Anh et al., 
2009 

Phnom 
Penh, 
Cambodia 

Survey, 
dermatologist 
examination 

Skin problems 
including infections, 
dermatitis and fungal 
growth 

Occupational (farmers 
practicing aquatic plant 
culture) 

Cross-sectional study with 2 
follow-ups (n= 650 adults in 
200 households) in 5 villages 
(using different water 
sources) 

Blumenthal et 
al., 2001  

Mezquital 
valley, 
Mexico 

Stool samples, 
survey 

Ascariasis and 
diarrhoeal disease 

Occupational (workers 
and household), water, 
sanitation and hygiene, 
consumption of market 
vegetables 

Cross-sectional survey with 
850 agricultural households 
using untreated wastewater 
for irrigation, 950 households 
using wastewater stored in a 
reservoir, and 930 control 
households (rain-fed 
agriculture), with a total of 
10489 children and adults 



Environ Health Perspect DOI: 10.1289/ehp.1509995 
Advance Publication: Not Copyedited 
 

33	

Chary et al., 
2008   

Musi River, 
India 

Samples of soils, 
vegetables, urine, 
blood and 
livestock milk, 
survey  

Irritation of skin with 
black rashes and other 
reactions possibly 
linked to heavy metal 
consumption ( Zn, Cr, 
Cu, Ni, Co and Pb) 

Consumption of 
contaminated food 
(vegetables and milk) 

Samples were collected from 
residents in the study region 
of varying ages and 
compared with control 
participants residing in the 
campus area 

Cifuentes et al., 
2000a 

Mezquital 
valley, 
Mexico  

Blood samples, 
survey 

Health impacts linked 
to Pb exposure 

Occupational, use of Pb-
glazed ceramics, crop 
consumption 

Cross-sectional survey of 735 
individuals (children and 
adults) from a farming 
population (households with 
at least one agricultural 
worker) 

Cifuentes et al., 
2000 b 

Mezquital 
valley, 
Mexico  

Stool samples, 
water samples, 
survey 

Giardiasis Occupational (workers 
and household), source of 
vegetables, water, 
sanitation and hygiene 

Cross-sectional survey of 
farming households (children 
and adults). 2,257 individuals 
from an untreated wastewater 
group, 2,147 in a group using 
wastewater stored in a 
reservoir, and 2,344 in 
control group (rain-fed) 

Devaux et al., 
2001 

Clermont-
Ferrand, 
France 

Sentinel 
reporting 
(physician/ 
pharmacy), water 
and aerosol 
samples, health 
survey  

Skin and digestive 
illnesses 

Occupational  (aerosol 
spraying), and accidental 
ingestion of those living 
in the area  

Sentinel system from GPs 
and pharmacies, retrospective 
cohort of farmworkers 
(n=100) and a prospective 
cohort of farmers using 
different water sources 
(n=37), with 22 farmers using 
wastewater matched to non-
exposed family members. 
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Ensink et al., 
2005 

Faisalabad, 
Pakistan 

Stool samples, 
survey 

Hookworm infection  Occupational (farmers 
and their children), water 
sanitation and hygiene, 
accidental ingestion of 
those living in the area, 
cattle ownership 
 

Cross-sectional survey of   
wastewater farmers, textile 
labourers and farmers using 
regular irrigation water, with 
children assigned to their 
fathers’ exposure group 
(n=1704) 

Ensink et al., 
2006 

Faisalabad, 
Pakistan 

Stool samples, 
survey 

Giardiasis Occupational (farmers 
and their children), water 
sanitation and hygiene, 
accidental ingestion of 
those living in the area, 
cattle ownership 

Cross-sectional survey of   
wastewater farmers, textile 
labourers and farmers using 
regular irrigation water, with 
children assigned to their 
fathers’ exposure group 
(n=1704) 

Ensink et al., 
2008 

Hyderabad, 
India 

Stool samples, 
survey, water 
samples 

Intestinal nematode 
infection 

Occupational (entire 
household), water, 
sanitation and hygiene, 
cattle ownership 

Cross-sectional survey with 3 
exposure groups of farmers 
exposed to untreated, and 
partially treated wastewater 
and river water (n=1,078) 

Gumbo et al., 
2010  

Malamulele, 
South Africa 

Stool, vegetable 
and wastewater 
samples, survey 

A range of parasitic 
infections including 
hookworm and 
Giardia lamblia 
infection 

Occupational (entire 
household), consumption 
of contaminated 
vegetables, water, 
sanitation and hygiene 

Cross-sectional survey of 
farmers and their children 
exposed to wastewater 
irrigation (n=194) and those 
not using wastewater for 
irrigation (n=249) 

Habbari et al., 
2000 

Beni-Mellal, 
Morocco 

Stool samples, 
survey 

Helminth infection 
(Ascaris, Trichuris) in 
children 

Children living near 
wastewater irrigated 
areas, water, sanitation 
and hygiene, occupation 
of parents 

Cross-sectional survey of 740 
children in communities 
using wastewater, and 603 
children in communities not 
using wastewater irrigation 
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Hien et al., 
2007 

Hanoi, 
Vietnam 

Stool samples, 
clinical 
information 
collected 

Diarrhoeal diseases  Children of 
occupationally exposed 
farmers 

Case–control study with 111 
pairs of children  

Lekouch et al., 
1999 

Marrakesh, 
Morocco 

Hair samples, 
survey 

Health risks linked to 
heavy metal (Pb and 
Cd) consumption (not 
specified 

Children living near 
irrigated areas, 
occupational exposure of 
parents, food  

Cross-section survey of 327 
children in a wastewater 
irrigation area, and 110 from 
control communities 

Melloul and 
Hassani, 1999  

Marrakesh, 
Morocco 

Stool sample, 
survey 

Salmonella infection Children living near 
irrigated areas, 
occupational exposure of 
parents  

Cross-sectional survey of 390 
children living a wastewater 
irrigation zone and 350 from 
control communities 

Melloul et al., 
2002 

Marrakesh, 
Morocco 
 

Stool sample, 
survey 

Salmonella and 
protozoan infection 

Children living near 
irrigated areas, 
occupational exposure of 
parents 

Cross-sectional survey of 
children living in the 
wastewater irrigation zone 
and from control 
communities (n=603 for 
Salmonella and n=608 for 
protozoan infections) 

Srikanth and 
Naik, 2004 

Asmara, 
Eritrea 

Stool, wastewater 
and vegetable 
samples, survey, 
hospital data 

Giardiasis and other 
gastrointestinal 
diseases 

Occupational exposure 
(vegetable cultivation), 
consumption of 
vegetables, water, 
sanitation and hygiene 

Cross-sectional health survey 
of 1000 residents in farming 
community, stool samples 
collected from 75 
occupationally exposed 
farmers 
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Trang et al., 
2006 

Nam Dinh 
city, 
Vietnam 

Stool samples, 
wastewater 
survey 

Helminth infection 
(Ascaris, Trichuris 
and hookworm) 

Occupational (rice 
cultivation), water, 
sanitation and hygiene, 
use of human excreta for 
agriculture 

Cross sectional survey, 202 
households in a commune 
where wastewater was used 
for irrigation and 201 
households in a commune 
that used river water, with a 
total of 1,088 individuals >15 
years 

Trang et al., 
2007a 

Hanoi, 
Vietnam  

Dermatologist 
examination, 
survey 

Skin ailments (itching 
often accompanied by 
skin chaps, debris or 
light ulcer; irritant 
contact dermatitis  

Occupational (rice, 
aquatic and terrestrial 
vegetable cultivation), 
water, sanitation and 
hygiene, use of human 
excreta for agriculture, 
animal husbandry 

Open cohort of 636 adults 
engaged in agricultural work 
and nested case–control study 
with 108 case control pairs 

Trang et al., 
2007b  

Nam Dinh, 
Vietnam 

Dermatologist 
examination, 
survey 

Dermatitis, fungal 
infections, skin 
irritation (biological, 
inorganic and organic 
chemicals) 
 

Occupational (e.g. rice 
and vegetable cultivation, 
flower growing) water, 
sanitation, and hygiene 

Cohort of 400 households in 
two communes using 
wastewater and river water 
(1103 individuals >15 years) 

Trang et al., 
2007c   

Hanoi, 
Vietnam 

Stool samples, 
survey 

Helminth infections 
(Ascaris, Trichuris 
and hookworm) 
 

Occupational (workers 
and children) water, 
sanitation, and hygiene, 
use of human excreta for 
agriculture, animal 
husbandry 

A cross-sectional study with 
400 agricultural households 
(620 adults and 187 children) 
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Trang et al., 
2007d   

Hanoi, 
Vietnam 

Stool samples, 
survey 

Diarrhoeal diseases Occupational (fish 
farming and cultivation of 
rice and vegetables) 
water, sanitation, and 
hygiene, use of human 
excreta for agriculture, 
animal husbandry 

Open cohort of 636 adults 
engaged in agricultural work, 
and a nested case-control 
study with 163 unmatched 
pairs of cases and controls 
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Table 2: Number of studies by contaminant type across several regions* 

Contaminant type Sub-Saharan 
Africa 

South Asia 
and China 

Southeast 
Asia 

Middle East and 
North Africa 

Latin America 
and the 
Caribbean 

US, Europe, 
Australia 

Microbiological 11 10 10 8 8 32 

Inorganic chemicals 
(heavy metals) 

7 28 2 5 2 9 

Organic chemicals 1 4 1 0 1 2 
*Some studies focus on more than one contaminant type. In addition a few studies without a specific contaminant focus are not 
included in this count 
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Figure legends 

Figure 1. Exposure pathways associated with wastewater irrigation for consumers, agricultural 

workers and their families, and communities living in proximity  

Figure 2. Wastewater exposure is one of multiple cumulative types of environmental exposure
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Figure 1. 
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Figure 2. 

 




